Although many kinds of materials for water purification are known, easy-to-use methods that ensure the safety of drinking water for rural populations are not sufficiently available. Sorbent-embedded sheets provide methods for the easy removal of contaminants from drinking water in the home.
INTRODUCTION
Lack of safe drinking water is one of the most serious global health problems. WHO/UNICEF have reported that nearly 663 million people worldwide do not have access to clean water and 80% of people living in rural areas lack safe drinking water (WHO/UNICEF ). The types and amounts of contaminants in drinking water differ by country and region, and consist mainly of Escherichia coli, heavy metals and arsenic, along with many other kinds of substances and microbes (Amin et al. ) . Among these contaminants, heavy metals are natural and become concentrated because of weathering, mining and industries, as well as other factors (Nagajyoti et al. ; Chao & Chen ) , and millions of people have been reported to suffer from chronic heavy metal poisoning (Fernández-Luqueño et al. ) .
Heavy metals in water are usually removed by a variety of methods that include precipitation, filtration, coagulation, flotation, electrochemical methods and sorption (Fu & Wang ) . Sorption is the most widely used technique, and studies have reported a variety of effective adsorbents for the removal of heavy metals (Wang & Peng ; Fu & Wang ; Hua et al. ; Khan et al. ) . However, despite the knowledge gained from these studies, only a few methods exist for the removal of heavy metals from water in the home.
Here, we introduce the use of a sorbent-embedded sheet as a new method for the removal of contaminants on a small scale from, for example, a glass of drinking water. The sorbent-embedded sheet facilitates the addition of the sorbent to water, as well as its removal. As a case study, we prepared a Linde type A (LTA) zeolite-embedded sheet and compared its Pb(II) removal behaviour with that of the LTA powder.
We selected Pb(II) as a universally harmful heavy metal and used LTA because Pb(II) is adsorbed to it with high selectivity (Kabwadza-Corner et al. ).
MATERIALS AND METHODS

Materials
All chemical reagents were purchased from Nacalai Tesque, Inc., Japan. LTA was purchased from Wako Pure Chemical Industries, Ltd, Japan, and was washed with 1 M NaCl solution, followed by water, and air-dried prior to use.
Ten non-woven fabrics normally used for filtering kitchen sink waste, each composed of polypropylene and polyethylene (24 × 30 cm; Platec, Ltd, Japan), were sandwiched by 100 g of the LTA powder on an aluminium dish, and gently pressed by hand to loosely attach the LTA powder to the fabric. The dish was placed in an oven at 160 C and removed after 8 min. After cooling, each fabric sample was vigorously washed with water to remove any unattached LTA powder, followed by drying in air. The sheets obtained in this manner were used as LTA zeoliteembedded sheets (ZES). Unembedded LTA powder was also heated prior to use as described for the ZES. 
ZES characterisation
RESULTS AND DISCUSSION
ZES characterisation
The physical appearances of the non-woven fabric sheet and the ZES are shown in Figure 1(a) . There was almost no shrinkage of the sheet following heat treatment during the preparation of the ZES, and it had similar water-permeability to the fabric sheet. The fabric sheet had an area density of 15.4 g m À2 , while that of the ZES was 27.8 g m À2 ; consequently, the LTA content in the ZES was 44.6%. The SEM image of the ZES is shown in Figure 1(b) .
The non-woven fabric sheet consists of 15-20 μm-diameter fibres, and the attachments of the LTA particles to these fibres are clearly observable. Particle aggregation is observed; however, the detachment of these particles from the ZES was not observed during the Pb(II) removal experiments. The CEC values of the LTA powder and the LTA embedded in the ZES were determined to be 5.95 and 5.83 mol c kg À1 , respectively, which indicates that the attachment of the LTA particles onto the fibres did not significantly affect the sorption capacity of the LTA zeolite embedded in the sheet.
Removal of Pb(II)
In this study, we added different amounts of LTA in the powder or ZES form to a consistent amount of Pb(II). (Figure 2(b) ).
Since the Pb(II) concentrations at higher LTA/Pb ratios decreased very rapidly with the reaction time (Figure 2(b) ), the results obtained at LTA/Pb ratios of 10 and 20 were re-plotted by restricting the shaking times to 3 min, as shown in Figure 2(c) . This figure reveals that the Pb(II) concentrations decrease dramatically over the first minute, and that >99% of the Pb(II) was removed in 30 s at an LTA/Pb ratio of 20. This suggests that Pb(II) in water is easily removed by LTA without the need for any equipment to separate the LTA powder from the water.
CONCLUSION
The use of an appropriate sorbent-embedded sheet provides an easy way of removing contaminants from the drinking water of rural communities in developing countries. Our case study demonstrated that the ZES removes Pb(II) from Pb(II)-polluted drinking water without the need for centrifugation and other separation techniques. Nonetheless, the selection of cheap and effective sorbents, optimisation of the embedding method, and use of sorbent-embedded sheets by rural communities need to be further studied since community cultures, including lifestyle, differ from one country or region to another, which affect the efficacy of any water purification method.
